Malaria is an important public health problem worldwide and in Latin America (WHO 2005) . In Colombia, 89,886 cases were officially notified in 2006, 59,867 (66.60%) by Plasmodium vivax, 30, 229 (32.28%) by Plasmodium falciparum, 10 (0,001%) by Plasmodium malariae and 992 (1,10%) mixed infections (INS 2006) .
Asymptomatic Plasmodium spp. infections are frequently found in hyperendemic regions in Africa (OwsusuAgyei et al. 2001) . There is growing interest in ascertaining the role of asymptomatic Plasmodium spp. infection in South America (Coura et al. 2006) . Studies carried out in the Amazon region of Brazil and Peru have confirmed that asymptomatic parasitemia occurs in the absence of intense transmission (Roper et al. 2000 , Alves et al. 2002 , Roshanravan et al. 2003 , Marcano et al. 2004 , Branch et al. 2005 , Cerutti et al. 2007 , Fugikaha et al. 2007 .
One of the most important consequences of asymptomatic infection is that people do not seek medical attention or treatment and therefore they may become gametocyte carriers, contributing to the persistence of malaria transmission (Bousema et al. 2004 , Alves et al. 2005 . Besides, asymptomatic infection is also considered to be a risk factor for chronic anaemia (Verhoef et al. 2001 ).
Financial support: International Atomic Energy Agency (project RLA/6/055), Colombian Instituto Nacional de Salud (INS); ZMC was supported by Colciencias and INS (agreement No. 176-2006 Few studies have been carried out in Colombia on asymptomatic Plasmodium spp. infection, most of them on the Pacific coast, one of the main endemic areas in Colombia, where P. falciparum is responsible for at least 80% of the cases. The prevalence of asymptomatic infection (day 0) found in these studies, using microscope examination, ranged between 0-33.1% (Terrientes et al. 1994 , Gautret et al. 1995 , Gonzalez et al. 1997 , Mendez et al. 2000 , Osorio et al. 2004 . A 21.6% prevalence of asymptomatic infection was found in a study carried out on indigenous people from the Colombian Amazon region, where P. vivax is the predominant species (Coura et al. 2006) . However, none of these studies included either patient follow-up or PCR testing.
The purpose of this study was to determine the prevalence of asymptomatic Plasmodium spp. infection in a village in Tierralta, Cordoba, by using microscope examination and PCR as diagnostic methods.
SUBJECTS, MATERIALS AND METHODS
Study area -The study was carried out from September-December 2006 in the village of Nuevo Tay, municipality of Tierralta, in the department of Cordoba; this village's coordinates are: 76º8'5.6''W and 8º5'21.9''N ( Figure) ; its altitude is 5 m above sea level. Tierralta reported 13,940 cases of malaria in 2005, accounting for 13.4% of the total number of cases reported in Colombia during that year (Pérez et al. 2008) . Most of the cases, 60.7%, occurred in males from the 15-19 years age group. The Annual Parasite Index in this municipality in 2005 was 304/1,000; the Annual Vivax Index 192/1,000 and the Annual Falciparum Index 106/1,000 (Perez et al. 2008) . The main vector species in this area are Anopheles darlingi and Anopheles albimanus (Olano et al. 2001) .
Study design -The study was carried out in three phases. A census of the whole village was performed during the first phase. Each inhabitant was registered with a consecutive number, including its name, age and gender. Houses' coordinates were recorded using an Etrex™ global positioning system, Ventura model. All the data was recorded in an MS Excel™ database. Random sampling, based on individuals, was performed during the second phase. Asymptomatic people were randomly selected for a survey including physical examination and blood sample collection on day 0 for detecting Plasmodium spp. infection by thick blood smear and PCR. During the third phase a thick blood smear and clinical follow-up of people examined on day 0 were done on days 14 and 28.
Census -One hundred and ninety-five houses were found, having a total of 1,062 inhabitants; 96 people were considered to be non-eligible for one of the following reasons: age less than two years, ongoing pregnancy, having presented signs and symptoms of malaria such as fever, headache, chills or malaise during the previous week, body temperature above 37.5ºC and intending to change residence within the next two months; 966 people were considered eligible.
Sample size calculation and sampling -Based upon the results of previous studies, assuming an expected 5% ± 3% prevalence with a 95% confidence level, a sample size of 168 was calculated. A possible 20% loss of patients during follow-up was considered; it was therefore decided to take a minimum of 200 samples. Simple random sampling was carried out using a random number table after allocating a number to each eligible person. Overall, 212 people were included for examination on day 0.
Survey, physical examination and sample-takingPhysicians held clinical interviews on day 0. These included questions with a single, closed answer for demographic variables and history of malaria. A physical examination which included taking body temperature, blood pressure, respiratory rate and pulse was carried out. A 4 mL volume of venous blood was collected in a tube containing 5.3 mM EDTA. The samples were kept at 4ºC until they reached the laboratory for DNA extraction and PCR analysis. Simultaneously, a thick smear was taken for microscopy and microhematocrit analysis for determining the prevalence of anaemia, using the cutoff values to define anemia in people living at sea level (Stoltzfus & Dreyfuss 1998) .
Patient follow-up and treatment -All the individuals who were examined on day 0 were followed-up on days 14 and 28. A physician carried out interviews and took the thick smears. Asymptomatic patients with a positive thick smear on day 0 were followed-up during 14 days to ascertain whether asymptomatic Plasmodium spp. infections persisted or corresponded to the disease's incubation period. Those who developed symptoms were treated immediately and those who remained asymptomatic were treated on day 14. Treatment was prescribed according to the official Colombian regulations at the time of the study: patients with P. vivax received chloroquine and primaquine, while patients with P. falciparum received amodiaquine, sulfadoxine/pyrimethamine and primaquine (MS 2000) .
Analysis by microscopy -Two thick smears were taken from each patient; blood sample taking, preparation and staining were done according to the procedures standardised by the Instituto Nacional de Salud's Parasitology Group (INS) (Mendoza et al. 2001 ). The thick smears were read by experienced malaria microscopists. The slides were read a second time at the national reference centre (Parasitology Group, National Reference Laboratory Division, INS); discordant results were evaluated by a third reader. The readers were not aware of the clinical records of the people studied or of the PCR results. Likewise, the persons who carried out the PCR processing of samples were unaware of the clinical records and of the thick smear results.
Extraction of parasite DNA and PCR amplification -DNA was extracted from 300 µL venous blood obtained on day 0, using a Wizard genome DNA purification kit (Promega), following the manufacturer's recommendations. A first PCR reaction was done using genus-specific primers rPLU6 and rPLU5 following the amplification conditions described by Snounou et al. (1993) . For the second reaction (nested PCR), we used speciesspecific primers rFAL1 and rFAL2, rVIV1 and rVIV2 and rMAL1 and rMAL2 for P. falciparum, P. vivax and P. malariae, respectively, and the protocol reported by Singh et al. (1999) . Some minor modifications were: 1U Taq DNA polymerase (Promega) was used in the first amplification round whilst 2 mM MgCl 2 in all reactions and 20 cycles were used to amplify P. vivax DNA in the second round. The products obtained in the nested PCR were submitted to 2% agarose gel electrophoresis and stained with ethidium bromide (1 µg/mL). The bands were visualised under ultraviolet light and analysed using One dScan™ software, version 3.1. Expected fragment sizes were: 205 bp for P. falciparum, 120 bp for P. vivax and 144 bp for P. malariae.
Definition of asymptomatic infection -For the purposes of this study, asymptomatic Plasmodium spp. infection was defined as the detection by microscopy of asexual parasite stages of P. falciparum, P. vivax or P. malarie or of mixed infections in blood, which persisted for at least two weeks without causing any symptoms, or as the detection of parasite DNA by PCR on day 0 in people who remained asymptomatic during the follow-up period. Plasmodium ovale was not considered in this study since this species has not been reported in Colombia.
Statistical analysis -The population was characterised according to basic demographic variables such as age, gender, place of residence and time spent living in the area. The other variables of interest concerned having a history of malarial infections throughout the patient's whole life and during the last year, treatment received, infecting species during the last episode, history of transfusions, as well as basic vital variables, and microhematocrit, thick smear and PCR results. The database was recorded on MS Excel™ 2000; data were analysed with EPI-info 6.04b and STATA™ 7.0 was used for determining the confidence intervals. The prevalence of asymptomatic Plasmodium spp. infection was described regarding the above variables and both uni and bivariate analyses were carried out using prevalence ratios; p < 0.05 values were considered to be significant. Ethics -The study followed both the international and national standards on human experimentation, including the Helsinki Declaration (WMA 2000) and the national regulations (MS 1993), according to which this was an investigation having minimum risk for the patients. This study was approved by INS Ethics Committee (protocol number CTIN-023-05, approval 2nd June). After the participants had been interviewed, all of them received complete information about the study and agreed to participate in it by signing the informed consent forms. Adults, as well as the parents of all children below 18 years included in the study, were asked to sign an informed consent form. Children aged 7-17 were asked to sign an assent form besides the informed consent form signed by their parents.
Individuals suspect of having malaria (due to symptoms in the previous week) or having fever at day 0, who were considered not eligible for the study, received medical assistance immediately, including a thick blood smear which was read on the same day. Those who had positive blood smears were treated as described previously.
RESULTS
The average age of the 212 individuals who participated in this study was 24.5 with a standard deviation of 18.1 (median: 18 years; range: 2-78 years). Thick smears were positive in 24 of 212 people (11.3%; 95% CI: 7.2-16.8%), while PCR detected 35 positive samples (16.5%; 95% CI: 11.5-22.9%); the difference was statistically significant (p < 0.05). The Kappa index between the microscope readers was 0.92 (95% CI: 0.74-1.31). A total of 38 cases of infection were found by either thick smear or PCR on day 0. Seven of the 38 infected persons on day 0 developed symptoms of malaria during the 14 day follow-up; six of these seven patients had P. vivax and one P. falciparum. Therefore, the prevalence of Plasmodium spp. infection in the studied population was 17.9% (38/212; 95% CI: 12.5-23.3%) and the prevalence of asymptomatic Plasmodium spp. infection was 14.6% (31/212; 95% CI: 9.6-19.6%).
Amongst the asymptomatic infections, P. vivax predominated (20/31; 64.5%) as compared to P. falciparum (9/31; 29%) and mixed infections (2/31; 6.5%). Of these 31 persons, 28 were positive by PCR and 19 by microscopy; however, three of these 19 were negative by PCR. Thus, PCR detected 50% more infections than microscopy. The Table describes the most important demographic and epidemiological characteristics of all the people studied and compares them according to their asymptomatic infection status.
A significantly higher prevalence of asymptomatic Plasmodium spp. infection was found in males than in females (Table) . Asymptomatic P. vivax infections predominated in males, with a 10:3 male:female (M:F) ratio. Likewise, asymptomatic P. falciparum infections predominated amongst males with a 5:4 M:F ratio while a 1:1 M:F ratio was observed for mixed infections. The mean number of malaria episodes in life was 2.78 in men and 2.56 in women, but the difference was not statistically significant (p = 0.13).
The parasitemia in the asymptomatic cases did not vary significantly according to the infecting species: P. vivax infections had an average of 65 ± 98 parasites/ μL (range: 0-398) as compared to 114.7 ± 147 for P. falciparum (range: 0-394). Twenty one (60%) of the asymptomatic cases detected by microscopy or PCR were grouped into 75 (38.4%) houses located in the central area of the village.
On day 0, five of the seven patients who were symptomatic during the 14-day follow-up (71.4%) had positive thick smears and all of them had a positive PCR. The cases who turned symptomatic between days 0 and 14 had an average age of 14 ± 9.2 years (median: 15; range: 2-24), compared to 27 ± 18.8 (median: 22; range: 2-72) in those who continued as asymptomatic (p = 0.08). Parasitemia at day 0 varied significantly according to the outcome of the infection during follow-up: people presenting symptoms had an average parasitemia of 1,881.5 ± 3,759 parasites/ µL compared to 79 ± 106.9 parasites/µL in those who persisted in the asymptomatic state (p = 0.008).
According to the results of the thick smears taken on day 0, five of 24 positive people received treatment before day 14 because they presented symptoms during follow-up, 13 (nine with P. vivax and four with P. falciparum) cleared their parasitemia, six (four with P. vivax and two with P. falciparum) had a second positive thick smear on day 14 and their parasitemia increased in one case, decreased in four and did not change in one.
Two new cases of infection, both by P. vivax, were detected on day 14; they both remained asymptomatic during the 14 day follow-up until day 28. Besides, two adults, who had not been previously detected by thick blood smear or PCR, presented P. falciparum gametocytaemia on day 28.
The average microhematocrit value was 40.8% ± 4.35%; the values presented a close to normal distribution and prevalence of anaemia was 7.28% (15/206; 95% CI: 3.49-11.07%). Prevalence of anaemia in people with asymptomatic Plasmodium spp. infection was 9.68% (3/31; 95% CI: 2.04-25.75%), compared to 6.89% (12/174; 95% CI: 2.84-10.95%) in non-infected people, but the difference was not statistically significant.
DISCUSSION
These results reveal the presence of asymptomatic Plasmodium spp. infection in a village in the Alto Sinú-Bajo Cauca region of Colombia. Previous studies in South America have been mainly carried out in the Amazon region, characterised as a tropical rain-forest (IDEAM 2000) according to Holdridge's life zones, with prevalences of Plasmodium spp. infection in asymptomatic people ranging between 2.4-49.5% in different populations (Roper et al. 2000 , Alves et al. 2002 , Roshanravan et al. 2003 , Marcano et al. 2004 . Most studies in Colombia have been carried out on the Pacific coast, a region classified as a very wet tropical rain-forest (IDEAM 2000) . Since Tierralta is located at the interface between tropical rainforest, very wet pre-mountain rainforest and tropical dry forest (IDEAM 2000) , the present study is the first one to report the presence of asymptomatic Plasmodium spp. infection in an area with different eco-epidemiological conditions to those of the Amazon region and the Pacific coast.
The population studied is relatively stable and has generally resided in the area for many years. The whole village is located on the banks of the Sinú River and the geographical distribution of asymptomatic Plasmodium infection cases showed a slight concentration in the central area of the village, while the rest of the cases were dispersed along the course of the river. The entomological variables which could explain this pattern remain to be studied.
P. vivax was the most prevalent infecting species in asymptomatic cases in this study, which is in accordance with the distribution of malaria species historically observed in this area. The significantly higher prevalence of asymptomatic Plasmodium spp. infection in men is probably related with an occupational risk factor for malaria infection. Men work in agricultural activities, in small plantations where mainly rice, plantain, yucca (cassava) and passion fruit are cultivated.
Clinical follow-up of patients is fundamental since the finding of asymptomatic parasitemia at any given moment could simply correspond to the incubation period or pre-pathogenic period and not to a real asymptomatic infection (Vinetz & Gilman 2002) , as occurred in seven cases in this study. The appearance of symptoms during follow-up was related to the parasitemia found on day 0, as the patients who developed symptoms had a significantly higher average parasitemia than those who did not.
Negativization of the thick smear during the 14 day follow-up occurred in 13 of the 19 asymptomatic patients who had detectable parasitemia by thick smear on day 0. Further studies should be carried out to establish if this could be explained by acquired immunological ability for self-limiting infection, as suggested by studies carried out in the Peruvian Amazon region (Roshanravan et al. 2003 , Branch et al. 2005 .
PCR detected 50% more infections than microscopy. However, three patients with a low parasitemia (≤ 120 parasites/μL) by thick smear, two by P. falciparum and one by P.vivax, had a negative PCR result. Some studies have reported that PCR can occasionally give false negative results (Barker et al. 1994) . A study carried out in Thailand found that the sensitivity and specificity of PCR as compared to thick smears by expert microscopists were 96% and 98%, respectively, when parasitemias were greater than 500/μL. However, with parasitemia levels below 100/μL the sensitivity decreases to 24% for both P. falciparum and P. vivax, suggesting that, in spite of PCR's multiple advantages, its efficiency depends on the quality and amount of DNA obtained from blood samples, the quality of the reagents and the use of optimum conditions during amplification (Coleman et al. 2006) .
In spite of frequent associations between asymptomatic malaria and anaemia, no significant differences in hematocrit values were found between infected and non-infected people in this study.
One of the limitations of this study was the reduced sample size. Given the low number of cases of asymptomatic Plasmodium spp. infection found, most of the associations studied lacked strength, although this affects the precision but not the validity of the results. The fact that follow-up was only done by thick smears and not by PCR could also be regarded as a limitation. The PCR test used in this study did not allow for differentiation between asexual and sexual parasite stages, which is particularly important in P. falciparum infections. This should be considered for future studies since, strictly speaking, asymptomatic Plasmodium spp. infection can be defined as the detection by any technique of asexual parasite stages which persists for some time without causing any symptoms. Therefore, the prevalence of asymptomatic Plasmodium spp. infection, as determined by the PCR results, could have been overestimated in this study since people harboring only gametocytes gave a positive PCR result. A reverse-transcription PCR technique (RT-PCR) has been developed for allowing differentiation between asexual and sexual stages (Babiker et al. 1999) .
The main conclusions of this study were that asymptomatic P. vivax and P. falciparum infections do exist in the Alto Sinú-Bajo Cauca region of Colombia, with P. vivax accounting for 64.5% of asymptomatic infections, that PCR detected 50% more infections than microscopy, that men are at a greater risk of having asymptomatic Plasmodium spp. infections than women, and that people who developed symptoms had a significantly higher parasitemia on day 0 than those who remained asymptomatic throughout the follow-up period.
Studies carried out in Brazil and Peru suggest that infected asymptomatic patients could form the basis for continuing malaria endemicity in the Amazon region (Roshanravan et al. 2003) . Further studies are needed to establish the potential role of infected asymptomatic people in the transmission of malaria in Nuevo Tay and in this malaria-endemic region of Colombia, as this could have important implications for the malaria surveillance and control measures.
PCR has a significantly higher detection capacity, making it useful for epidemiological studies, but, given their low cost and ease, thick smears are more suitable for carrying active search for asymptomatic infections. Further studies are needed, which should include entomological aspects, genotyping of asexual and sexual parasites and evaluating the immune response, for a better understanding of the asymptomatic Plasmodium spp. infections and their contribution to the dynamics of malaria transmission and to the incidence of symptomatic infections.
